Vitamin D deficiency and obesity are both prevalent conditions in the northern countries, especially among immigrants. The aims were to assess the possible relationship between body fat and vitamin D status, and to investigate the effect of body fat on the response to oral vitamin D supplementation in Pakistani immigrants in Denmark. Data were obtained from a 1-year double-blind randomised controlled trial with oral vitamin D supplementation. A total of 122 women and men received either vitamin D 3 supplementation (10 or 20 μg/day) or placebo. No association was found between body fat percentage and vitamin D status in a multiple linear regression model (P o 0.001). No effect of body fat was seen on the vitamin D status response following the intervention with vitamin D. In conclusion, there was no baseline association between body fat percentage and vitamin D status, and body fat percentage had no effect on the response to vitamin D supplementation.
INTRODUCTION
Vitamin D deficiency is prevalent throughout the world, particularly in populations living at high latitudes where the rate of cutaneous vitamin D production is affected by season. 1 Low vitamin D status is especially prevalent among immigrants from countries of lower latitudes living in northern countries. The lower levels of vitamin D in these populations are mainly attributed to increased skin pigmentation, different sun and clothing habits and a low intake of vitamin D-containing foods and supplements, compared with ethnic Nordic populations. 2 Another health issue receiving much attention is the global obesity epidemic. 3 Obesity seems to be more prevalent among immigrants living in northern countries than in ethnic Nordic populations. 4 Immigrants in Denmark are therefore a vulnerable group-both when it comes to vitamin D status and the prevalence of overweight and obesity.
Owing to the fat-soluble properties of vitamin D, and the high prevalence of both vitamin D deficiency and obesity, several studies have investigated the possible link between vitamin D status and body fatness. 5, 6 This study aimed at assessing the possible relationship between body fat and vitamin D status and at investigating the effect of body fat on the response to oral vitamin D supplementation in a Pakistani immigrant population living in Denmark.
SUBJECTS AND METHODS
The study was a 1-year randomised double-blind placebocontrolled intervention with two doses of oral vitamin D (10 and 20 μg/day). It was performed in 2002 as a part of the EU project OPTIFORD. 7 The baseline population consisted of Pakistani women (n = 87) and men (n = 77) living in Copenhagen, Denmark. Data were collected before and after the intervention. The study was conducted in accordance with the Declaration of Helsinki with written informed consent from all participants. Fasting blood samples were analysed for vitamin D status measured as serum 25(OH)D using high-performance liquid chromatography. Further information about recruitment, tablets, sampling, compliance and biochemical analyses is described elsewhere. 8 Two different measures of body fat were used: body mass index (BMI) was calculated on the basis of anthropometric measures of weight and height (kg/m 2 ) and used as an indirect measure of body fat. Body fat mass and lean mass were measured by wholebody DXA scans from which the body fat percentage (fat mass/ (total weight) × 100%) was calculated. 5 All statistical analyses were performed using R for Windows (version 2.15.3, Vienna, Austria), with a significance level of α = 0.05. The baseline characteristics are presented with medians and percentiles (25th and 75th) due to non-normally distributed data. A parametric analysis of variance and a Kruskal-Wallis test were applied when comparing the three supplementation groups. Serum concentrations of 25-hydroxyvitamin D (25(OH)D) were logarithmically transformed, using the natural logarithm, to approximate normal distribution. Multiple linear regression analyses were performed on baseline and intervention data to assess associations between vitamin D status and body fat, and to assess whether body fat influenced the effect of vitamin D supplementation on status. We tested possible interactions between gender and body fat, supplementation group (10 or 20 μg/day) and body fat on both baseline 25(OH)D and the change in 25(OH)D following the intervention; none were significant (all P40.05). The population assessed after the intervention was reduced to 62 women and 60 men because of drop-outs. The drop-outs did not differ from the remaining population in age, vitamin D status, body fat percentage, BMI and dietary vitamin D intake (P40.05).
RESULTS
Baseline characteristics of those who completed the intervention are shown in Table 1 . No significant differences were found between the supplementation groups in any of the variables for neither men nor women (P40.05). The regression model included the following variables: gender, season of recruitment, age, body fat percentage, vitamin D intake from diet and supplements, Vitamin D and body fat frequency of sun exposure and clothing habits. 
DISCUSSION
The results showed no association between vitamin D status and body fat percentage. The same conclusion was reached when using BMI as the measure of body fat. After a 1-year intervention on the same population, neither body fat percentage nor BMI had a significant effect on the response in serum status to vitamin D supplementation. Most studies show an inverse association between vitamin D status and body fat. 5, 6 Few studies have been conducted with immigrant populations. 5 In accordance with our results, other intervention studies 9,10 did not find an effect of body fat on the response to oral vitamin D supplementation, but it may be questioned whether the same conclusion will be reached if the sample size is increased in future studies.
In conclusion, body fat does not seem to affect the response to 1 year of oral vitamin D supplementation in a Pakistani population living in northern latitudes. Intervention studies with more participants are needed to further clarify whether the response to oral vitamin D supplementation is similar in overweight/obese individuals compared with normal-weight individuals in immigrant populations, as well as in other populations.
